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1
REAL-TIME CALIBRATION FOR WAFER
PROCESSING CHAMBER LAMP MODULES

BACKGROUND

In some semiconductor manufacturing processes, wafer
processing chambers or reactors are used to process wafers
from which integrated circuits are made. During the manu-
facturing process, a wafer is placed on a wafer holder (or
susceptor). After the wafer has been placed on the wafer
holder, it is placed in a processing chamber or reactor where
a high temperature process is performed using lamp modules.
The lamp modules may be located in different zones over and
under the wafer holder to heat the wafer holder and the wafer
such that wafer processing may be performed on the wafer.

For example, wafer processing such as chemical vapor
deposition (CVD), using lamp modules, may be performed to
deposit or epitaxially (epi) grow film layers on the wafer. As
the CVD process is carried out, the amount of film deposited
on the wafer may vary as a function of the temperature profile
of'the wafer. The temperature profile across the wafer may not
be uniform for a variety of reasons. For example, the tem-
perature profile may not be uniform across the wafer because
various lamp module’s power output may deteriorate over
time, thereby causing temperature differences between vari-
ous areas of the wafer. As such, the uneven temperature pro-
file results in uneven/varying film thickness and uniformity
that ultimately adversely affects the performance of the inte-
grated circuit made from the wafer. Temperature profile uni-
formity can also be important for other wafer processing such
as rapid thermal processing (RTP), annealing, doping, etch-
ing, and other processes. Accordingly, there is a need for an
improved method and device to more uniformly control wafer
temperature during wafer processing.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is best understood from the follow-
ing detailed description when read with the accompanying
figures. It is emphasized that, in accordance with the standard
practice in the industry, various features are not drawn to scale
and are used for illustration purposes only. In fact, the dimen-
sions of the various features may be arbitrarily increased or
reduced for clarity of discussion.

FIG. 1 illustrates a method for calibration of wafer process-
ing apparatus lamp modules.

FIG. 2 illustrates a cross-sectional view of one embodi-
ment of a wafer processing apparatus according to various
aspects of the present disclosure.

FIG. 3 illustrates a cross-sectional view of one embodi-
ment of the wafer processing apparatus of FIG. 2, during
operation, according to various aspects of the present disclo-
sure.

DETAILED DESCRIPTION

The following disclosure provides many different embodi-
ments, or examples, for implementing different features of
the invention. Specific examples of components and arrange-
ments are described below to simplify the present disclosure.
These are, of course, merely examples and are not intended to
be limiting. For example, the formation of a first feature over
or on a second feature in the description that follows may
include embodiments in which the first and second features
are formed in direct contact, and may also include embodi-
ments in which additional features may be formed between
the first and second features, such that the first and second
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features may not be in direct contact. In addition, the present
disclosure may repeat reference numerals and/or letters in the
various examples. This repetition is for the purpose of sim-
plicity and clarity and does not in itself dictate a relationship
between the various embodiments and/or configurations dis-
cussed. Also, the components disclosed herein may be
arranged, combined, or configured in ways different from the
exemplary embodiments shown herein without departing
from the scope of the present disclosure. It is understood that
those skilled in the art will be able to devise various equiva-
lents that, although not explicitly described herein, embody
the principles of the present invention.

Modern semiconductor manufacturing may utilize a pro-
cessing chamber or a reactor to perform high temperature
wafer processing. Wafer processing such as chemical vapor
deposition (CVD), rapid thermal processing (RTP), anneal-
ing, doping, etching, and other processes, rely on having
uniform or even temperature profiles across the surfaces (top
and bottom surface) of the wafer. As an example, in various
embodiments, to provide uniform temperature profiles, after
receiving new radiant heating elements or performing pre-
ventive maintenance on the radiant heating elements, calibra-
tions of the radiant heating elements are provided. Providing
the calibrations of the lamp modules may include performing
wafer processing test (dummy) runs to epitaxially (epi) grow
a material layer on a test wafer. Because the amount of epi
grown material on the test wafer is a function of a temperature
during the growth process and as such will vary according to
variations in a temperature profile across the test wafer, after
the material layer is epi-grown, oftfline monitoring, is per-
formed to identify areas where lamp module power needs to
be adjusted so that the temperature profile across the test
wafer is more uniform. Offline monitoring may include mea-
suring the material layer thickness across the test wafer sur-
face with metrology tools to identify the areas where lamp
module power need to be adjusted. Once the areas are iden-
tified, the power to the lamp modules is adjusted such that
there is a uniformity in temperature across the test wafer.
These steps may be repeated as necessary (usually 2-5 cycles)
until it is determined that there is a relatively uniform tem-
perature profile across the test wafer.

After adjusting the power for the lamp modules, produc-
tion may proceed using the processing chamber with the
calibrated or adjusted lamp modules. During production,
however, lamp module response or heating efficiency may
deteriorate or decay over time, thereby resulting in variation
oftemperature profile across a wafer. This leads to fabrication
challenges.

According to various aspects of the present disclosure,
calibration for processing chamber lamp modules is dis-
closed. The disclosed calibration method and apparatus
allows for maintaining constant or uniform temperature pro-
files across the wafer. For example, the disclosed calibration
method and apparatus allows for initially characterizing lamp
modules and thereafter compensating for efficiency decay by
increasing power for the lamp modules zone-by-zone, with-
out having to take the processing chamber offline. This may
be provided by either compensating while actual wafer pro-
cessing is taking place or during idle periods (e.g., run-to-
run). The various aspects of such a calibration method and
apparatus is disclosed in more detail below.

With reference to FIG. 1, a method 100 for calibration of
wafer processing apparatus lamp modules is provided. The
method 100 begins at block 102 where a wafer processing
chamber, radiant heating elements disposed in different zones
and configured to heat different surface areas of a wafer
located within the wafer processing chamber, and sensors
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configured to monitor heat radiated from the radiant heating
elements for each of the different zones are provided. The
method continues at block 104 where an initial base calibra-
tion of the radiant heating elements is performed to charac-
terize the radiant heating elements and thereby achieve a
substantially uniform temperature profile across the wafer.
The method continues at block 106 where a real-time calibra-
tion of the radiant heating elements is performed to compen-
sate for a change in performance of the radiant heating ele-
ments and thereby maintain a substantially uniform
temperature profile across the wafer. In certain embodiments,
the calibration may take into account other wafer processing
chamber temperature profiles to provide for uniform tem-
perature profiles across multiple wafer processing chambers.
The steps of method 100 may be repeated as necessary to
ensure that the temperature profile across the wafer remains
uniform. Itis understood that the heating process may include
performing a process such as chemical vapor deposition
(CVD), rapid thermal processing (RTP), annealing, etching,
doping, or any other suitable wafer manufacturing process.
Additional steps can be provided before, during, and after the
method 100.

With reference to FIG. 2, illustrated is a cross-sectional
view of one embodiment of a wafer processing apparatus 200
according to various aspects of the present disclosure. The
wafer processing apparatus 200 includes a processing cham-
ber 210 within which a wafer 212 is processed. The process-
ing chamber 210 may include quartz or any suitable material.
The wafer 212 may include an elementary semiconductor
material, such as silicon or germanium in a crystalline struc-
ture; a compound semiconductor, such as silicon germanium,
silicon carbide, gallium arsenic, gallium phosphide, indium
phosphide, indium arsenide, and/or indium antimonide; a
combinations thereof; or any suitable material.

The wafer processing apparatus 200 further includes a
center top zone 214 of radiant heat elements (which may be
referred to as lamp modules) positioned above the wafer 212
in a uniform formation about the center (i.e., around center
line, CL) to provide heating for a center zone of the wafer 212.
The wafer processing apparatus 200 further includes an edge
top zone 216 of lamp modules positioned above the wafer 212
and circumscribing the center top zone 214 lamp modules to
provide heating for an edge zone of the wafer 212. The center
top zone 214 and the edge top zone 216 may include any
number of lamp modules according to design requirements.
The lamps modules may be, for example, halogen lamps, or
any suitable radiant heat elements.

The wafer processing apparatus 200 further includes a
center bottom zone 218 of lamp modules positioned below
the wafer 212 in a uniform formation about the center (i.e.,
around center line, CL) to provide heating for a center zone of
the wafer 212. The wafer processing apparatus 200 further
includes an edge bottom zone 220 of lamp modules posi-
tioned below the wafer 212 and circumscribing the center
bottom zone 218 lamp modules to provide heating for an edge
zone of the wafer 212. The center bottom zone 218 and the
edge bottom zone 220 may include any number of lamp
modules according to design requirements. The lamps mod-
ules may be, for example, halogen lamps, or any suitable
radiant heat elements.

The wafer processing apparatus 200 further includes center
top sensors 222 and edge top sensors 224. The center top
sensors 222 and the edge top sensors 224 are sensors operable
to sense or measure temperature or energy produced from the
center top zone 214 lamp modules and from the edge top zone
216 lamp modules. The center top sensors 222 and the edge
top sensor 224 may include any number of sensors positioned
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at any appropriate distance (D1) away from the center top
zone 214 lamp modules and from the edge top zone 216 lamp
modules. In the present embodiment, the center top sensors
222 and the edge top sensors 224 are positioned outside the
chamber 210 and at a distance D1 of less than about 40 cm
from the center top zone 214 lamp modules and from the edge
top zone 216 lamp modules. Because the center top sensors
222 and the edge top sensors 224 are positioned outside the
chamber 210 transient temperature variations induced by the
wafer 212 are avoided. The sensors may be, for example,
thermocouples or any suitable sensing elements.

The wafer processing apparatus 200 further includes center
bottom sensors 226 and edge bottom sensors 228. The center
bottom sensors 226 a are sensors operable to sense or measure
temperature or energy produced from the lamp modules of the
center bottom zone 218 and from the lamp modules of the
edge bottom zone 220. The center bottom sensors 226 and the
edge bottom sensors 228 may include any number of sensors
positioned at any appropriate distance (D2) away from the
lamp modules of the center bottom zone 218 and from the
lamp modules of the edge bottom zone 220. In the present
embodiment, the center bottom sensors 226 and the edge
bottom sensor 228 are positioned outside the chamber 210
and at a distance D2 of less than about 40 cm from the center
bottom zone 218 lamp modules and from the edge bottom
zone 220 lamp modules. Because the center bottom sensors
226 and the edge bottom sensors 228 are positioned outside
the chamber 210 transient temperature variations induced by
the wafer 212 are avoided. The sensors may be, for example,
thermocouples or any suitable sensing elements.

The wafer processing apparatus 200 may further include
gas delivery mechanisms, pressure control mechanisms,
vents, and any other suitable structures and mechanisms in
accordance with design requirements.

Referring to FIG. 3, during operation, a wafer processing
process may be employed that uses the lamp modules of the
center top zone 214, the lamp modules of the edge top zone
216, the lamp modules of the center bottom zone 218, and the
lamp modules of the edge bottom zone 220 to expose the
wafer 212 to the radiant heat 230 and thereby heat the wafer
212. As illustrated, the radiant heat 230 from each zone inter-
acts with the radiant heat from adjacent zones and thereby has
a compound eftect on the temperature profile across the wafer
212. Further, the radiant heat 230 from the top zones (i.e., 214
and 216) heats the top surface of the wafer 212 and also
affects the opposing bottom surface ofthe wafer 212. Accord-
ingly, the temperature profile across the wafer 212 is affected
by radiant heat 230 interactions between adjacent and oppos-
ing zones.

To ensure that the lamp modules of the center top zone 214,
the lamp modules of the edge top zone 216, the lamp modules
of the center bottom zone 218, and the lamp modules of the
edge bottom zone 220 function to produce a substantially
uniform temperature profile across the wafer 212, the lamp
modules for each zone are initially characterized and a base
calibration is produced. As an example, the initial character-
ization may include performing a wafer processing process
(e.g., CVD, annealing, etc. . . . ) on a test (or dummy) wafer.
As the test wafer is being processed, the sensors 224 for each
zone monitor the temperature radiated from the lamp mod-
ules of each zone 214, 216, 218, and 220. Based on the
monitored temperature of the sensors 224, the lamp modules
for each zone are characterized and a base calibration is
developed. The base calibration may take any appropriate
form.

The calibration for the lamp modules of each zone may
take the form of a table representing the relative power per-
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centage for the lamp modules for each zone. As an example,
during the initial characterization for the base calibration it
may be observed that to produce a uniform temperature pro-
file across the wafer 212, at a target temperature of X° Cel-
sius, the lamp modules of the center top zone 214 require
10.5% of a total power commanded, the edge top zone 216
require 59.5% of the total power commanded, the center
bottom zone 218 require 12.0% of the total power com-
manded, and the edge bottom zone 220 require 18.0% of the
total power commanded. The total power commanded is a
function of the target temperature X utilized by the wafer
processing being performed (e.g., CVD, RTP, annealing, etc.
... ). The base calibration may be presented in individual
calibration format, in a table format (two dimensional or three
dimensional table), or any appropriate format. In an example,
an individual calibration format may include providing a
calibration parameter per zone (e.g., Center_Top=10.5%,
Edge_Top=59.5%, Center_Bottom=12.0%, and Edge_Bot-
tom=18.0). In another example, a table format may include a
calibration table as illustrated below in TABLE 1.

TABLE 1
Percent of total power commanded per zone.
Center Edge
Top 10.5% 59.5%
Bottom 12.0% 18.0%

As another example, a table format may include a calibra-
tion table as illustrated below in TABLE 2.

TABLE 2

Percentage power ratio of total power commanded per zone.

Top to Bottom  Top Center to Edge  Bottom Center to Edge

Ratio 70.0% 15.0% 40.0%

In the embodiment of TABLE 2, for example, the Top to
Bottom ratio is the top to bottom ratio of total power com-
manded. In other words, in the embodiment of TABLE 2, the
top zones (e.g., center top and edge top) receive 70% of the
total power commanded and the bottom zones (e.g., center
bottom and edge bottom) receive the remaining 30%. The Top
Center to Edge ratio is the center top to bottom top ratio of the
70% of total power commanded. In other words, in the
embodiment of TABLE 2, the center top zone receives 70%x
15% of the total power commanded (i.e., 10.5%) and the edge
top zone receives 70%x85% of the total power commanded
(i.e., 59.5%). The Bottom Center to Edge ratio is the center
bottom to edge bottom ratio of the 30% of the total power
commanded. In other words, in the embodiment of TABLE 2,
the center bottom zone receives 30%x40% of the total power
commanded (i.e., 12%) and the edge bottom zone receives
30%x60% of the total power commanded (i.e., 18%).

It is understood that although in the present embodiment
the base calibration parameters are represented as a form of
percentages or ratios of total power commanded, the calibra-
tion parameters may be in any appropriate form orunits. A 3D
table representation may be used, for example, where nonlin-
ear system response and/or interaction between various zones
may require different calibration parameter values. For
example, although the above calibration parameter values
may produce a uniform temperature profile at a total power
commanded of 2000 Watts, the above calibration parameter
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values may not produce a uniform temperature profile at a
total power commanded of 1000 Watts due to nonlinear sys-
tem response or different interactions between the different
zones.

After the lamp modules for each different zone 214, 216,
218, and 220 are initially characterized and a base calibration
is provided, the wafer processing apparatus 200 may be
released for production. During production, over time, the
response of the lamp modules of the different zones 214, 216,
218, and 220 may change. As an example, the change in
response of the lamp modules of the different zones 214, 216,
218, and 220 may result from decay in lamp efficiency. The
response change of the lamp modules of the different zones
214,216, 218, and 220 will ultimately result in a non uniform
temperature profile and thereby adversely affect the manu-
facturing process if left unchecked.

To address the response change of the lamp modules of the
different zones 214, 216, 218, and 220 a real-time calibration
of the lamp modules is performed to compensate for the
response change of the lamp modules and thereby maintain a
substantially uniform temperature profile across the wafer
212. The real-time calibration may be performed while the
wafer processing apparatus 200 is in an online state. For
example, while the wafer processing (e.g., CVD, RTP,
annealing, etc. . . . ) that includes a heating process is being
performed by the lamp modules of each of the different zones
214, 216, 218, and 220, the sensors 222, 224, 226, and 228,
monitor the radiant heat 230 temperature from each of the
lamp modules of each of the different zones, respectively.
Based on the monitored temperature, the response change of
the lamp modules of each different zone 214, 216, 218, and
220 is determined. Based on the determined response change,
the lamp modules of each different zone 214, 216, 218, and
220 are calibrated in real-time to compensate for the deter-
mined response change, thereby maintaining a substantially
uniform temperature profile across the wafer 212. Calibrating
the lamp modules of each different zone 214, 216, 218, and
220 in real-time may include modifying the base calibration
parameter values or providing an offset used to offset the base
calibration parameter values. It is understood that the offset
may take the form of constant values that are added to the base
calibration parameter values, multiplier values that are used
to ratio the base calibration parameter values, or any appro-
priate form.

To illustrate the real-time calibration process, the edge top
zone 216 is discussed below. For example, assume that with
the base calibration represented in TABLE 2, at a total power
commanded of 1680.5 Watts and a zone power commanded
011000 Watts (59.5%x1680.5 W=1000 W), the edge top zone
216 produces an initial temperature of 200° Celsius which is
measured by the sensors 224. Over time, the performance of
the lamp modules of the edge top zone 216 deteriorate and the
lamp modules of the edge top zone 216 produce only 190°
Celsius at the same zone power commanded of 1000 Watts.
Based on the temperature of 190° Celsius monitored by the
sensors 224, it is determined that the lamp modules of the
edge top zone 216 have a response change of 5%. Based on
the determined response change of 5%, the calibration of the
lamp modules of the edge top zone 216 may be compensated
in real-time by modifying/overriding the base calibration
value with an updated calibration value of 64.5%, by adding
a calibrated value of 10 Watts to the 1000 Watts, by multiply-
ing the 1000 Watts by a calibrated value of 105%, or by any
other appropriate means of compensating for the response
change. In the case of modifying the base calibration param-
eter values, the total power actual (the sum of the zone power
commanded to all of the zones) is the same as the total power
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commanded (i.e., both are 1680.5 Watts). In the case of add-
ing a value of 10 Watts or multiplying by a value of 105%, the
total power actual is not the same as the total power com-
manded (i.e., total power actual is 1690.5 Watts and total
power commanded is 1680.5 Watts). Each different remain-
ing zone 214, 218, and 220 may likewise be calibrated at the
same time.

It is understood that the calibration process may account
for interactions between each different zone 214, 216, 218,
and 220. As such, when calibrating each different zone 214,
216, 218, and 220, it may be advantageous to account for
interactions between the different zones by not compensating
the base calibration by the full amount of determined
response change. For example, after determining a response
change for the lamp modules of the different zones 214, 216,
218, and 220 during a first wafer processing cycle, the
response change for the lamp modules of the different zones
214, 216, 218, and 220 is only partially compensated, based
on observed zone interactions. Thereafter, another response
change for the lamp modules of the different zones 214, 216,
218, and 220 is determined during a second wafer processing
cycle and only partially compensated, based on observed
zone interactions. How much to partially compensate per
cycle may be model or rule based and incorporated within an
overall control system or algorithm, or may be based on user
observation and/or judgment. This approach accounts for
interactions between each different zone 214, 216, 218, and
220 and limits over compensation for the determined
response change which may otherwise result.

The calibration process of method 100 may be imple-
mented within a control system of a computer. The computer,
for example, may include a central processing unit (CPU),
input/output (I/0) for sending control signals to and from the
wafer processing apparatus 200, storage medium such as
random access memory (RAM), read only memory (ROM),
FLASH memory, hard disk, compact disk (CD), or other
suitable storage medium for storing software including con-
trol algorithms and calibrations utilized for controlling the
lamp modules of the zones 214, 216, 218, and 220 of the
wafer processing apparatus 200.

The above embodiments of method 100 and wafer process-
ing apparatus 200 produce uniform temperature profiles
across a wafer during wafer processing such as CVD, RTP,
annealing, doping, etching, and other processes. For example,
prior to production or after preventive maintenance, the dis-
closed method 100 and wafer processing apparatus 200 allow
for characterization and providing a zone-by-zone base cali-
bration of lamp modules to thereby achieve a substantially
uniform temperature profile across the wafer. Further, during
production, the disclosed method 100 and wafer processing
apparatus 200 allow for determining efficiency decay of lamp
modules and providing a real-time zone-by-zone calibration
of the lamp modules, to thereby maintain a substantially
uniform temperature profile across the wafer. Because the
real-time calibration process allows for calibrating while the
wafer processing apparatus 200 is in an online state (like
during wafer processing or while idle between runs), the
wafer processing apparatus 200 does not have to be taken
offline to be characterized with time consuming and costly
methods that utilize metrology tools. As such, the disclosed
method 100 and wafer processing apparatus 200 increase
wafer per hour (throughput), improve production quality and
uniformity which ultimately improve device performance,
and reduce cost by allowing for online real-time calibration
and reduction of metrology tool loading. Different embodi-
ments may have different advantages, and no particular
advantage is necessarily required of any embodiment.
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Thus, provided is an apparatus. The exemplary apparatus
includes a wafer processing chamber. The apparatus further
includes radiant heating elements disposed in different zones
and operable to heat different portions of a wafer located
within the wafer processing chamber. The apparatus further
includes sensors disposed outside the wafer processing cham-
ber and operable to monitor energy from the radiant heating
elements disposed in the different zones. The apparatus fur-
ther includes a computer configured to utilize the sensors to
characterize the radiant heating elements disposed in the dif-
ferent zones and to provide a calibration for the radiant heat-
ing elements disposed in the different zones such that a sub-
stantially uniform temperature profile is maintained across a
surface of the wafer.

In some embodiments, the different zones of the radiant
heating elements are four different zones, and the sensors are
disposed in four different zones corresponding to the four
different zones of the radiant heating elements. In various
embodiments, the radiant heating elements include: a first
plurality of radiant heating elements disposed above the
wafer in a first zone and operable to heat an inner portion of
the wafer; a second plurality of radiant heating elements
disposed above the wafer in a second zone and operable to
heat an outer portion of the wafer; a third plurality of radiant
heating elements disposed below the wafer in a third zone and
operable to heat an inner portion of the wafer; and a fourth
plurality of radiant heating elements disposed below the
wafer in a fourth zone and operable to heat an outer portion of
the wafer. In further embodiments, the sensors include: a first
plurality of sensors operable to monitor energy from the first
plurality of radiant heating elements; a second plurality of
sensors operable to monitor energy from the second plurality
of radiant heating elements; a third plurality of sensors oper-
able to monitor energy from the third plurality of radiant
heating elements; and a fourth plurality of sensors operable to
monitor energy from the fourth plurality of radiant heating
elements. In certain embodiments, the second plurality of
sensors circumscribe the first plurality of sensors, and the
fourth plurality of sensors circumscribe the third plurality of
sensors. In some embodiments, the first and second plurality
of sensors are located at a first distance less than about 30 cm
from the first and second plurality of radiant heating ele-
ments, and the third and fourth plurality of sensors are located
at a second distance less than about 30 cm from the third and
fourth plurality of radiant heating elements. In various
embodiments, the radiant heating elements are halogen
lamps. In certain embodiments, the sensors are thermo-
couples.

Also provided is a wafer processing system. The exem-
plary wafer processing system includes a wafer processing
chamber, a plurality of top and bottom radiant heating ele-
ments, and a plurality of top and bottom sensors. The system
further includes at least one system coupled to the wafer
processing chamber and operable to perform at least wafer
processing process on a watfer located within the wafer pro-
cessing chamber. The system includes a calibration module
operable to characterize the plurality of top and bottom radi-
ant heating elements by utilizing measurements produced by
the plurality of top and bottom sensors during a wafer pro-
cessing process performed by the at least one system and to
provide a calibration for the plurality of top and bottom radi-
ant heating elements based on the characterization.

In some embodiments, the plurality of top radiant heating
elements are disposed in a center top zone and in an edge top
zone; and the plurality of bottom radiant heating elements are
disposed in a center bottom zone and in an edge bottom zone.
In various embodiments, the plurality of top sensors are dis-
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posed in the center top zone and in the edge top zone, and the
plurality of bottom sensors are disposed in the center bottom
zone and in the edge bottom zone. In certain embodiments,
the plurality of top radiant heating elements disposed in the
edge top zone circumscribe the plurality of top radiant heat-
ing elements disposed in the center top zone, and the plurality
of bottom radiant heating elements disposed in the edge bot-
tom zone circumscribe the plurality of bottom radiant heating
elements disposed in the center bottom zone. In some
embodiments, the plurality of top sensors disposed in the
center top Zone are operable to measure a temperature in the
center top zone, the plurality of top sensors disposed in the
edge top zone are operable to measure a temperature in the
edge top zone, the plurality of bottom sensors disposed in the
center bottom region are operable to measure a temperature in
the center bottom region, and the plurality of bottom sensors
disposed in the edge bottom zone are operable to measure a
temperature in the edge bottom zone.

Also provided is a method. The exemplary method
includes providing a wafer processing chamber. The method
further includes providing a plurality of radiant heating ele-
ments disposed in different zones outside the wafer process-
ing chamber and operable to heat different portions of a
production wafer disposed within the wafer processing cham-
ber during a wafer processing process. The method further
includes providing a plurality of sensors disposed in the dif-
ferent zones outside the wafer processing chamber and oper-
able to monitor heat produced by the radiant heating elements
during the wafer processing process. The method further
includes performing a real-time calibration process that char-
acterizes response change of the radiant heating elements to
thereby maintain a substantially uniform temperature profile
across a surface of the production wafer disposed within the
wafer processing chamber.

In some embodiments, the method further includes before
performing the real-time calibration process, performing an
initial base calibration process thereby initially characteriz-
ing the radiant heating elements to thereby achieve a substan-
tially uniform temperature profile across a surface of a test
wafer disposed within the wafer processing chamber.

In some embodiments, performing the real-time calibra-
tion process includes: using the plurality of sensors to moni-
tor heat produced by the plurality of radiant heating elements
during the wafer processing process; characterizing the plu-
rality of radiant heating elements, the characterizing includ-
ing determining a response change of the plurality of radiant
heating elements over time; and providing a real-time cali-
bration based on the characterizing of the plurality of radiant
heating elements. In various embodiments, performing the
initial base calibration process includes: using the plurality of
sensors to monitor heat produced by the plurality of radiant
heating elements during a test wafer processing process; char-
acterizing the plurality of radiant heating elements, the char-
acterizing including determining an initial response of the
plurality of radiant heating elements; and providing a base
calibration based on the characterizing of the plurality of
radiant heating elements. In certain embodiments, perform-
ing the initial base calibration process includes providing a
base calibration that affects the power provided to the plural-
ity of radiant heating elements disposed in the different zones,
and performing the real-time calibration process includes
modifying the base calibration that affects the power pro-
vided to the plurality of radiant heating elements disposed in
the different zones without taking the wafer processing cham-
ber in an offline state. In further embodiments, the base cali-
bration includes base calibration parameter values repre-
sented as a percentage power ratio for each zone of the

10

different zones. In some embodiments, the wafer processing
process includes a process selected from the group consisting
of chemical vapor deposition (CVD), rapid thermal process-
ing (RTP), annealing, and etching.

5 The foregoing outlines features of several embodiments so
that those skilled in the art may better understand the aspects
of the present disclosure. Those skilled in the art should
appreciate that they may readily use the present disclosure as
a basis for designing or modifying other processes and struc-

10 tures for carrying out the same purposes and/or achieving the
same advantages of the embodiments introduced herein.
Those skilled in the art should also realize that such equiva-
lent constructions do not depart from the spirit and scope of
the present disclosure, and that they may make various

15 changes, substitutions, and alterations herein without depart-
ing from the spirit and scope of the present disclosure.

What is claimed is:
1. An apparatus comprising:
20 awafer processing chamber;

radiant heating elements disposed in different zones and
operable to heat different portions of a wafer located
within the wafer processing chamber;

sensors disposed outside the wafer processing chamber

25 between the wafer processing chamber and the radiant
heating elements and facing the radiant heating elements
the sensors being operable to monitor energy from the
radiant heating elements disposed in the different zones;
and

30 acomputer configured to utilize the sensors to characterize
the radiant heating elements disposed in the different
zones and to provide a calibration for the radiant heating
elements disposed in the different zones such that a
substantially uniform temperature profile is maintained

35 across a surface of the wafer.

2. The apparatus of claim 1 wherein the different zones of

the radiant heating elements are four different zones, and
wherein the sensors are disposed in four different zones
corresponding to the four different zones of the radiant

40 heating elements.

3. The apparatus of claim 1 wherein the radiant heating

elements include:

a first plurality of radiant heating elements disposed above
the wafer in a first zone and operable to heat an inner

45 portion of the wafer;

a second plurality of radiant heating elements disposed
above the wafer in a second zone and operable to heat an
outer portion of the wafer;

a third plurality of radiant heating elements disposed below

50 the wafer in a third zone and operable to heat an inner
portion of the wafer; and

a fourth plurality of radiant heating elements disposed
below the wafer in a fourth zone and operable to heat an
outer portion of the wafer.

55 4. The apparatus of claim 3 wherein the sensors include:

a first plurality of sensors operable to monitor energy from
the first plurality of radiant heating elements;

a second plurality of sensors operable to monitor energy
from the second plurality of radiant heating elements;

60  athird plurality of sensors operable to monitor energy from
the third plurality of radiant heating elements; and

a fourth plurality of sensors operable to monitor energy
from the fourth plurality of radiant heating elements.

5. The apparatus of claim 4 wherein the second plurality of

65 sensors circumscribe the first plurality of sensors, and

wherein the fourth plurality of sensors circumscribe the
third plurality of sensors.
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6. The apparatus of claim 4 wherein the first and second
plurality of sensors are located at a first distance less than
about 30 cm from the first and second plurality of radiant
heating elements, and

wherein the third and fourth plurality of sensors are located 5
at a second distance less than about 30 cm from the third
and fourth plurality of radiant heating elements.

7. The apparatus of claim 1 wherein the radiant heating

elements are halogen lamps.

8. The apparatus of claim 1 wherein the sensors are ther-
mocouples.

9. A wafer processing system, comprising:

a wafer processing chamber;

a plurality of top and bottom radiant heating elements
operable to heat different portions of a wafer located
within the wafer processing chamber;

aplurality of top sensors facing the plurality of top radiant
heating elements and situated between the wafer pro-
cessing chamber and the plurality of top radiant heating
elements, and a plurality of bottom sensors facing the
plurality of bottom radiant heating elements and situated
between the wafer processing chamber and the plurality
of bottom radiant heating elements, the plurality of top
and bottom sensors operable to monitor energy from the
plurality of top and bottom radiant heating elements;

at least one system coupled to the wafer processing cham-
ber and operable to perform at least wafer processing
process on the wafer located within the wafer processing
chamber; and

a calibration module operable to characterize the plurality 30
of'top and bottom radiant heating elements by utilizing
measurements produced by the plurality of top and bot-
tom sensors during a wafer processing process per-
formed by the at least one system and to provide a
calibration for the plurality of top and bottom radiant
heating elements based on the characterization.

10. The system of claim 9 wherein the plurality of top
radiant heating elements are disposed in a center top zone and
in an edge top zone, and

wherein the plurality of bottom radiant heating elements 40
are disposed in a center bottom zone and in an edge
bottom zone.

11. The system of claim 10 wherein the plurality of top
sensors are disposed in the center top zone and in the edge top
zone, and

wherein the plurality of bottom sensors are disposed in the
center bottom zone and in the edge bottom zone.

12. The system of claim 10 wherein the plurality of top
radiant heating elements disposed in the edge top zone cir-
cumscribe the plurality of top radiant heating elements dis- 50
posed in the center top zone, and

wherein the plurality of bottom radiant heating elements
disposed in the edge bottom zone circumscribe the plu-
rality of bottom radiant heating elements disposed in the
center bottom zone.

13. The system of claim 11 wherein the plurality of top
sensors disposed in the center top zone are operable to mea-
sure a temperature in the center top zone;

wherein the plurality of top sensors disposed in the edge
top zone are operable to measure a temperature in the
edge top zone,

wherein the plurality of bottom sensors disposed in the
center bottom region are operable to measure a tempera-
ture in the center bottom region, and

wherein the plurality of bottom sensors disposed in the
edge bottom zone are operable to measure a temperature
in the edge bottom zone.
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14. A system comprising:

a wafer processing chamber;

aplurality of radiant heating elements disposed in different
zones outside the wafer processing chamber and oper-
able to heat different portions of a production wafer
disposed within the wafer processing chamber during a
wafer processing process;

a plurality of sensors disposed in the different zones out-
side the wafer processing chamber between the wafer
processing chamber and the plurality of radiant heating
elements and facing the plurality of radiant heating ele-
ments, the plurality of sensors being operable to monitor
heat produced by the radiant heating elements during the
wafer processing process; and

a control system programmed to perform a real-time cali-
bration process that characterizes response change of the
radiant heating elements to thereby maintain a substan-
tially uniform temperature profile across a surface of the
production wafer disposed within the wafer processing
chamber.

15. The system of claim 14 wherein the control system is

further programmed to perform:

a base calibration process to characterize the radiant heat-
ing elements to thereby achieve a substantially uniform
temperature profile across a surface of a test wafer dis-
posed within the wafer processing chamber.

16. The system of claim 14 wherein the real-time calibra-

tion process includes instructions for:

using the plurality of sensors to monitor heat produced by
the plurality of radiant heating elements during the
wafer processing process;

characterizing the plurality of radiant heating elements, the
characterizing including determining a response change
of the plurality of radiant heating elements over time;
and

providing a real-time calibration based on the characteriz-
ing of the plurality of radiant heating elements.

17. The system of claim 15 wherein the base calibration

process includes instructions for:

using the plurality of sensors to monitor heat produced by
the plurality of radiant heating elements during a test
wafer processing process;

characterizing the plurality of radiant heating elements, the
characterizing including determining an initial response
of the plurality of radiant heating elements; and

providing a base calibration based on the characterizing of
the plurality of radiant heating elements.

18. The system of claim 15 wherein the base calibration

process includes instructions for:

providing a base calibration that affects the power provided
to the plurality of radiant heating elements disposed in
the different zones, and

wherein the real-time calibration process includes instruc-
tions for modifying the base calibration that affects the
power provided to the plurality of radiant heating ele-
ments disposed in the different zones without taking the
wafer processing chamber in an offline state.

19. The system of claim 15 wherein the base calibration
includes base calibration parameter values represented as a
percentage power ratio for each zone of the different zones.

20. The system of claim 16 wherein the wafer processing
process includes a process selected from the group consisting
of chemical vapor deposition (CVD), rapid thermal process-
ing (RTP), annealing, doping, and etching.
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